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Survey of Health, Ageing and Retirement in Europe (SHARE)
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Abstract

Objective: Analyse the relationship between different levels of physical activity (PA) and depression symptoms in a
representative sample of European older adults. Methods: Data on PA, depression symptoms and sociodemographic
variables from 64688 (28015 men) older adults participating in SHARE wave 6 was collected through a face-to-face
interview. The EURO-D 12-item scale was administered for depression symptoms. Participants reported the frequency
they engaged in moderate-intensity PA (MPA) and vigorous-intensity PA (VPA). Results: Men and women engaging in
MPA and VPA once or more than once a week had less depression symptoms than those who engage less than once a
week. MPA and VPA once or more than once a week were inversely associated with the depression symptoms score.
Furthermore, engaging in MPA and VPA decreased the odds of depression (cut-off point of >4 depression symptoms)
compared to engaging in PA less than once a week. Conclusions: Policies for promoting mental health should include
PA for the prevention or treatment of depression symptoms. PA presents physical and psychological benefits and can be
used as an overall health-promoting strategy, facing numerous problems at a time.

Keywords: Quantitative study, ageing, exercise

Highlights

e Both moderate physical activity (MPA) and vigorous physical activity (VPA) have beneficial effects on depression
symptoms, even if participated only once a week.

e MPA and VPA had a similar effect on depression symptoms in men and women.

e Policies for promoting mental health should include physical activity promotion for the prevention or treatment of
depression.

Introduction

Depression is a leading cause of disease burden
worldwide in terms of years lost to disability and
prevalence (GBD, 2018; WHO, 2018), affecting
quality of life, relationship with others, education
and work opportunities (Ferrari et al., 2013; WHO,
2017). It s also associated with physical comorbidity,
such as diabetes, arthritis, asthma, chronic lung
disease, angina and stroke (Lotfaliany et al., 2018),
and other major groups of mental disorders (Plana-

Ripoll et al., 2019), health costs (Chisholm et al.,
2016), poor adherence to medical treatment (Saz &
Dewey, 2001), risk of suicide (Ferrari et al., 2013),
and premature mortality (Walker, McGee, & Druss,
2015). Although depression is a global health
problem, there is gender heterogeneity. Women
have almost twice the odds of being diagnosed with
major depression than men (Salk, Hyde, & Abram-
son, 2017).
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Low physical activity (PA) is one of the modifiable
risk factors for the onset of depression (Hallgren
et al., 2017). PA is associated with lower risk of
depression and suggested to be a an n evidence-
based treatment for depression (Mammen & Faul-
kner, 2013; Rebar et al., 2015; Schuch et al., 2018;
Schuch, Vancampfort, Richards, et al., 2016).
Among older people, exercise was found to have a
similar effect to antidepressants in the treatment of
depression (Blumenthal, Babyak, & Moore, 1999),
and seems that there is an underestimation of the
positive clinical effects (Schuch, Vancampfort,
Rosenbaum, et al., 2016). The underlying mechan-
isms that may explain the benefits of PA for
depression are suggested to be twofold: biological
and psychosocial. Proposed biological mechanisms
include the neuroplasticity, anti-inflammatory and
antioxidant benefits of regular PA. Several reviews
have associated depression to the inflammatory
profile (Kohler et al., 2017; Valkanova, Ebmeier, &
Allan, 2013), and regular PA is known to reduce a
number of inflammatory markers (Fedewa, Hath-
away, & Ward-Ritacco, 2017; Fedewa, Hathaway,
Ward-Ritacco, Williams, & Dobbs, 2018). Similarly,
oxidative stress may contribute towards the patho-
physiology of depression, and PA could can have a
counterbalancing role (Kandola, Ashdown-Franks,
Hendrikse, Sabiston, & Stubbs, 2019). Also, litera-
ture has shown that people with depression have
lower levels of peripheral brain derived neurotrophic
factor (BDNF) (Molendijk et al., 2014), which may
contribute to the pathophysiology of depression.
Regular PA increases concentration of several neuro-
trophic factors, including BDNF, thus possibly
having a protective effect on depression (Coelho
et al., 2013; Huang, Larsen, Ried-Larsen, Moller,
& Andersen, 2014). As for psychosocial mechanisms,
PA is associated to improved self-esteem and self-effi-
cacy and more social support, that represent protec-
tive factors for depression symptoms (Kandola
et al., 2019).

However, the effect of PA on depression for both
genders is not consensual. Even though most
studies have found PA to be associated to depression
in men and women (Mammen & Faulkner, 2013;
Rebar et al.,, 2015; Schuch et al.,, 2018), some
studies have reported gender differences. In a sys-
tematic review of prospective studies Mammen and
Faulkner (2013) identified four studies reporting a
significant effect of PA in reducing the risk of
depression only for women. The authors suggested
that this might be because women benefit more
from the social aspects of PA than men, resulting in
a greater effect on depression. On the opposite,
some studies have reported this association to be sig-
nificant only for men, proposing that women’s PA

may be more related to household chores than to
leisure-time and thus not benefiting as much as
men’s PA (de Oliveira, Oancea, Nucci, & Vogel-
tanz-Holm, 2018; Werneck, Oyeyemi, & Silva,
2018).

When examining the associations between PA and
depression few studies make direct comparisons
between different PA intensities. A recent random-
ized controlled trial has found that, among adults,
vigorous PA (VPA) was more effective in lowering
depression severity than moderate PA (MPA) and
that light intensity PA was the only one that remained
associated with lower depression severity at 12-
month follow-up (Helgadottir, Forsell, Hallgren,
Moller, & Ekblom, 2017). However, older adults
are less likely to engage in VPA (Jansen et al., 2015)
and it is still unclear if VPA brings greater benefit
than MPA among older adults. These two factors
combined yield for a better understanding of the
associations of both MPA and VPA on depression
symptoms. Considering this, the main research ques-
tion this study sought to answer was whether greater
intensity and frequency of PA had a stronger associ-
ation with depressive symptoms among older
adults. Therefore, this study aimed to analyse the
relationship between different levels of PA and
depression symptoms, considering important socio-
demographic variables, in a representative sample of
European older adults.

Methods
Participants and procedures

Data from the population based Survey of Health,
Aging, and Retirement in Europe (SHARE) wave 6
was used for the analysis in this manuscript. The
SHARE is a biennial cross-national survey on
ageing. It collects information on individuals aged
50 and over in several European countries and
Israel since 2000 and has previously been described
(Borsch-Supan et al., 2013). The total sample of
SHARE wave 6 was 68231 participants. For this
analysis, those participants who reported on PA par-
ticipation and depression symptoms were included.
The final sample comprised 64688 participants
(28015 men, 36673 women), from the 18 following
countries: Austria, Belgium, Croatia, Czech Repub-
lic, Denmark, Estonia, France, Germany, Greece,
Israel, Italy, Luxembourg, Poland, Portugal, Slove-
nia, Spain, Sweden, and Switzerland.

Data were collected through face-to-face inter-
views at the participant’s house location and had a
duration of approximately 90 minutes. A translation
of the questionnaires for each country was carried
out and pilots were performed to enhance
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comparability. The SHARE protocol was approved
by the Ethics Committee of the University of Man-
nheim and by the Ethics Council of the Max-
Planck-Society for the Advancement of Science, ver-
ifying the procedures to guarantee confidentiality and
data privacy.

Measures

Exposure: physical activiry. Participants reported the
number of days they engage in MPA (e.g. brisk
walking, gardening or household activities); as well
as in VPA (e.g. hiking, sports, carrying heavy
loads). Response options were more than once a
week, once a week, up to 3 times a month, and
hardly ever or never. The last two response options
were grouped into “less than once a week”, as per-
formed previously (Marques, Peralta, Martins, de
Matos, & Brownson, 2017).

Outcome: depression symproms. The EURO-D 12-item
scale was administered as a screening measure for
depression symptoms. The scale description and its
validating process are described in detail elsewhere
(Prince et al., 1999). It has been demonstrated that
an optimal cut-off point of >4 depression symptoms
diagnoses a clinically significant case of depression
(Gallagher, Savva, Kenny, & Lawlor, 2013; Prince
et al., 1999).

Covariates: sociodemographic variables. Age, education
level, marital status, and living place were self-
reported. Education was categorized according to
the International Standard Classification of Edu-
cation Degrees (UNESCO, 2006), and grouped in
three levels: low educational level (up to lower sec-
ondary education, ISCED code 0 to code 2),
medium educational level (secondary education,
ISCED codes 3 and 4), and high educational level
(higher education, ISCED codes 5 and 6). Marital
status was dichotomized into married (including in
a registered partnership) or not married (including
never married, separated, divorced or widowed).
Living place was categorized in a big city, a suburb
or the outskirts of a big city, a large town, a small
town, or a rural area.

Based on a list of 14 diseases, participants were
asked to report the presence or absence of diseases
that were diagnosed by a doctor. Participants could
also add other diseases diagnosed by a doctor
unnamed in the list (Borsch-Supan et al., 2013). To
produce a single score, the number of chronic dis-
eases was summed as performed previously
(Marques, Peralta, Martins, Matos, & Brownson,
2017). Body mass index (BMI) was calculated from

self-reported height and weight (kg/m®). BMI cat-
egories were calculated in accordance with World
Health Organization guidelines (WHO, 2000):
normal weight (18.5-24.9 kg/m?), overweight (25—
29.9 kg/m?), and obese (>30 kg/m?). The limitation
to perform the daily life activities was assessed by
Global Activity Limitation Indicator (GALI)
(Berger et al., 2015). Participants were asked about
their smoking behaviour and alcohol consumption
in the last 3-months. Responses were from “not at
all” to “daily or almost every day”.

Statistical analysis. Descriptive statistics were calcu-
lated for all variables (means, standard deviation,
and percentages). ANOVA was performed, to
analyse the relationships between MPA, VPA and
depression symptoms. General linear models were
used to calculate the parameters estimates for the
depression symptoms score according to different
levels of PA intensity. Logistic regressions were con-
ducted to analyze the relationship between MPA,
VPA and depression (cut-off point of <4 depression
symptoms). First, an unadjusted model was per-
formed. After that, analyses were adjusted for age,
marital status, educational level, living place,
country, number of non-communicable diseases,
body mass index, limitations to perform daily activities,
smoking habits, and alcohol consumption. Analyses
were stratified by gender because an interaction effect
was observed between gender and PA on depression
symptoms. Data analysis was performed using SPSS
25. Statistical significance was set at p < 0.05.

Results

Participants’ characteristics are presented in Table I.

Table II depicts the parameters estimates for
depression symptoms score according to different
levels of PA intensity. In the unadjusted model, for
men and women, the engagement in MPA or VPA
once or more than once a week was negatively corre-
lated with the depression symptoms score. When the
model was adjusted, MPA once a week (men: =
—0.55, 95% CI. —0.88, —0.22; women: = -0.33,
95% CI: —0.63, —0.03) and more than once a week
(men: f=-0.96, 95% CI: —1.22, —0.69; women: 3
=-0.40, 95% CI: —-0.62, —0.18) were negatively
associated with the depression symptoms score. Simi-
larly, VPA once a week (men: f=-0.70, 95% CI:
—1.11, —0.28; women: B=-0.37, 95% CI: —-0.71,
—0.22) and more than once a week (men: =
-0.99, 95% CI. —1.31, —0.66; women: = —-0.49,
95% CI: —0.76, —0.22) were also negatively associ-
ated with the depression symptoms score.
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Table I. Participants’ characteristics — Survey of Health, Aging, and Retirement in Europe (SHARE)

% or Mean (95% CI)

Total sample
(n=64688)

Men
(n=28015)

Women
(n=36673)

Age
Age group
50-64 years
>65 years
Education
Low
Middle
High
Marital status
Not married
Married
Living place
Big city
Suburbs of a big city
Large town
Small town
Rural area
EURO depression scale (score)
EURO depression scale (score)
No
Yes
Moderate PA
Less than once a week
Once a week
More than once a week
Vigorous PA
Less than once a week
Once a week
More than once a week

67.3 (67.2, 67.4)

41.7 (41.3, 42.1)
58.3 (57.9, 58.7)

40.0 (39.6, 40.4)
37.5 (37.1, 37.9)
22.5 (22.2, 22.8)

31.5 (30.7, 32.2)
68.5 (67.8, 69.3)

17.0 (16.7, 17.4)
10.3 (10.0, 10,6)
15.0 (14.6, 15.3)
25.4 (25.0, 25.8)
32.3 (31.9, 32.8)
2.5 (2.4, 2.5)

72.6 (72.3, 73.0)
27.4 (27.0, 27,7)

17.4 (17.1, 17.6)
13.6 (13.3, 13.8)
69.1 (68.7, 69.4)

52.1 (51.7, 52.5)
14.3 (14.0, 14.6)
33.6 (33.2, 33.9)

67.8 (67.7, 67.9)

40.1 (39.5, 40.7)
59.9 (59.3, 60.5)

36.5 (35.9, 37.1)
38.7 (38.2, 39.3)
24.7 (24.2, 25.3)

22.8 (21.8, 23.8)
77.2 (76.2, 78.2)

16.0 (15.5, 16.5)
10.9 (10.5, 11.4)
14.5 (14.0, 15.1)
25.6 (25.0, 26.3)
32.9 (31.2, 33.6)
2.0 (2.0, 2.0)

80.5 (80.0, 80.9)
19.5 (19.1, 20.0)

16.0 (15.6, 16.4)
13.7 (13.3, 14.1)
70.3 (69.8, 70.8)

48.2 (47.6, 48.8)
14.2 (13.8, 14.6)
37.7 (37.1, 38.2)

67.0 (66.9, 67.1)

43.0 (42.5, 43.5)
57.0 (56.5, 57.5)

42.6 (42.1, 43.1)
36.6 (36.1, 37.1)
20.8 (20.4, 21.2)

38.5 (37.4, 39.5)
61.5 (60.5, 62.6)

17.7 (17.2, 18.1)
9.9 (9.6, 10.3)
15.2 (14.8, 15.7)
25.2 (24.7, 25.7)
32.0 (31.4, 32.5)
2.8 (2.8, 2.8)

66.6 (66.2, 67.1)
33.4 (32.9, 33.8)

18.4 (18.0, 18.8)
13.5 (13.1, 13.8)
68.1 (67.7, 68.6)

55.2 (54.6, 55.7)
14.2 (13.9, 14.6)
30.4 (29.9, 30.9)

Table III presents the results of the relationship
between depression (using the cut-off point of >4
depression symptoms) and PA. In the adjusted
model, MPA once a week for men (OR=0.67, 95%
CI: 0.46, 0.97) or more than once a week for men
and women (men: OR=0.42, 95% CI: 0.31, 0.57;
women: OR=0.59, 95% CI: 0.43, 0.79) decreased
the odds of depression (cut-off point of >4 depression
symptoms) compared to those who engage in MPA
less than once a week. Men who engage in VPA
once a week (OR=10.67, 95% CI: 0.46, 0.97) and
men and women who engage in VPA more than
once a week (men: OR=0.58, 95% CI: 0.45, 0.76;
women: OR=0.72, 95% CI: 0.56, 0.93) also had
lower likelihood of having depression (cut-off point
of >4 depression symptoms) when compared to
those who rarely engage in VPA.

Discussion

This study sought to investigate the associations of
different PA levels with depression symptoms, using
a large sample of older adults from 18 countries. It

was found that for men and women engaging in
MPA and VPA once a week or more was associated
with lower depression symptoms. Furthermore,
MPA and VPA once a week or more decreased the
odds of depression (cut-off point of >4 depression
symptoms) compared to those who engage in PA
less than once a week.

The association between PA and depression symp-
toms is well documented (De Mello et al., 2013;
Rebar et al., 2015; Schuch et al., 2018). The results
of the present study support those of previous study
results (Mammen & Faulkner, 2013; Rebar et al.,
2015; Schuch et al., 2018). However, this study
results add that engaging in PA at least once a week
was associated with lower depression symptoms
score in men and women, and odds of depression
(cut-off point of >4 depression symptoms) in men,
irrespectively of intensity. Also, MPA was found to
be associated with depression symptoms. This
means that low amounts of PA, in this case MPA
once a weak, is associated to reduced depression
symptoms in older people, mainly in men, further
supporting current literature (Werneck et al., 2018).
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Table II. Parameters estimates of depression score according to physical activity intensity levels and frequency — Survey of Health, Aging, and
Retirement in Europe (SHARE)

Parameters estimates for the depression score

Model 1 Model 2
B (95% CI) B (95% CI)

Men
MPA

Less than once a week 1.00 (ref.) 1.00 (ref.)

Once a week —1.02 (-1.10, —0.93)*** —0.55 (—0.88, —0.22)**

More than once a week —1.37 (-1.43, —1.31)*** —-0.96 (—1.22, —0.69)***
VPA

Less than once a week 1.0 (ref) 1.00 (ref.)

Once a week —0.79 (-0.86, —0.72)*** -0.70 (-1.11, —0.28)**

More than once a week —0.84 (—0.89, —0.79)*** -0.99 (-1.31, —0.66)***
Women
MPA

Less than once a week 1.00 (ref.) 1.00 (ref.)

Once a week —1.11 (-1.20, —1.03)*** —0.33 (-0.63, —0.03)*

More than once a week —1.58 (—1.64, —1.52)* —0.40 (-0.62, —0.18)***
VPA

Less than once a week 1.00 (ref.) 1.00 (ref.)

Once a week —0.79 (—0.86, —0.72)*** —0.37 (=0.71, —0.22)*

More than once a week —0.91 (-0.96, —0.85)*** —0.49 (-0.76, —0.22)***

Abbreviation: CI, confidence interval; MPA, moderate physical activity; VPA, vigorous physical activity.

Model 1: Unadjusted analyses. Model 2: Analyses were adjusted for age, marital status, educational level, living place, country numbers of
non-communicable diseases, body mass index, limitation to perform activities, smoking habits and alcohol consumption.

*p<0.05, **p<0.01, *»p<0.001.

Table III. Relationship between depression (cut-off point of >4 depression symptoms) and physical activity at different levels of intensity and
frequency — Survey of Health, Aging, and Retirement in Europe (SHARE)

Depression (>4 depression symptoms)

Model 1
OR (95% CI)

Model 2
OR (95% CI)

Men
MPA
Less than once a week
Once a week
More than once a week
VPA
Less than once a week
Once a week
More than once a week

Women
MPA
Less than once a week
Once a week
More than once a week
VPA
Less than once a week
Once a week
More than once a week

1.00 (ref.)
0.45 (0.36, 0.58)***
0.32 (0.27, 0.38)***

1.00 (ref.)
0.46 (0.36, 0.58)***
0.39 (0.33, 0.46)***

1.00 (ref.)
0.54 (0.45, 0.65)***
0.39 (0.34, 0.44)***

1.00 (ref.)
0.67 (0.57, 0.79)***
0.53 (0.47, 0.61)***

1.00 (ref)
0.67 (0.46, 0.97)*
0.42 (0.31, 0.57)***

1.0 (ref)
0.67 (0.46, 0.97)*
0.58 (0.45, 0.76)***

1.0 (ref)
0.76 (0.52 10.12)
0.59 (0.43, 0.79)***

1.0 (ref)
0.88 (0.64, 10.20)
0.72 (0.56, 0.93)*

Abbreviation: OR, odds ration; CI, confidence interval; MPA, moderate physical activity; VPA, vigorous physical activity.
Model 1: Unadjusted analyses. Model 2: Analyses were adjusted for age, marital status, educational level, living place, country, numbers of
non-communicable diseases, body mass index, limitation to perform activities, smoking habits and alcohol consumption.

*<0.05, **p<0.01, ***p <0.001.
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These results are particularly important for older
people because they have more difficulties to
achieve the recommended levels of PA. In addition,
due to age related changes in multiple body
systems, they also do not engage in PA with higher
intensity levels, such as VPA (Jansen et al., 2015).
It means that even older people who engage in
MPA may benefit from PA practice.

Several mechanisms may explain the association
between MPA, VPA and depression. Both depression
and PA are associated with inflammatory markers
and oxidative stress. On the one hand, the inflamma-
tory profile and oxidative stress may contribute
towards the pathophysiology of depression
(Kandola et al., 2019; Kohler et al., 2017; Valkanova
et al., 2013). On the other hand, regular PA presents
anti-inflammatory and antioxidant benefits (Fedewa
et al., 2017, 2018; Kandola et al., 2019). These
associations may partly explain why PA is associated
with lower risk of depression and less depression
symptoms. Furthermore, PA has psychosocial
benefits, including improving self-esteem, self-effi-
cacy and social support, which may also represent
protective factors for depression symptoms
(Kandola et al., 2019). This is of importance,
especially among older adults, as lower levels of
social interaction and self-esteem are more common
in older ages.

The role of gender in the relationship between PA
and depression is not fully clear. Although previous
studies found contradicting results according to
gender (Mikkelsen et al., 2010; Werneck et al.,
2018), other found evidence of no gender differences
(Mammen & Faulkner, 2013; Rebar et al., 2015;
Schuch et al., 2018). In this study, it was observed
that MPA and VPA were associated with depression
symptoms in both men and women, strengthening
the idea that PA associations with depression maybe
regardless of gender in older people. Notwithstand-
ing, some gender differences were found. Among
men, engaging in MPA and VPA once a week was
associated with lower odds of depression (cut-off
point of >4 depression symptoms). Whereas for
women, only those who reported practicing MPA
and VPA more than once a week seemed to benefit
from it to the extent of reducing the odds of
depression (cut-off point of >4 depression symp-
toms), suggesting that older women may need to
more regularly engage in PA than men, in order to
benefit in the same way. Taking into account that
women are more prone to have depression than
men (Ferrari et al., 2013; Salk et al., 2017), practicing
PA, may be a relevant strategy to reduce depression
symptoms specially among women.

In order to understand the relationship between
PA and depression, it is important to consider the

characteristics of PA, such as frequency and inten-
sity (Helgadottir et al., 2017). Nonetheless, most
studies simply account for PA intensity or PA fre-
quency. Rarely, studies considered at the same
time PA intensity and frequency (Schuch et al.,
2018). Recognizing this gap, the present study pro-
vides PA frequency and intensity differentiation.
One of the main strengths of this study was the
use of a representative sample from several
countries. The large and representative sample, as
well as the heterogeneity of the participants,
allows these results to be generalized. Despite the
strengths, some limitations have to be recognized.
The main limitation is the cross-sectional design,
which precludes making causal inferences. Further-
more, PA was self-reported, which is subject to bias
(Grimm, Swartz, Hart, Miller, & Strath, 2012).
Nonetheless, self-reported PA is a reliable method
for epidemiologic studies (Craig et al.,, 2003)
and it is still the mainstay of surveillance studies
(Pedisic & Bauman, 2015). Also, the lack of infor-
mation on PA, such as duration and more detail
about frequency, is a limitation. Lastly, depression
was not clinically diagnosed. The EURO-D
12-item scale is a screening tool for depression
symptoms. Notwithstanding, a cut-off point of >4
depression symptoms has been demonstrated
to diagnose clinically significant cases of
depression (Gallagher et al., 2013; Prince et al.,
1999).

Conclusion

Regardless of gender, MPA and VPA were associ-
ated with lower depression symptoms and lower
odds of depression (cut-off point of >4 depression
symptoms). Policies for promoting mental health
should include PA, as even a low amount (MPA
once a weak) was associated with depression.
Additionally, PA presents physical and psychologi-
cal benefits and can be used as an overall health-
promoting strategy, facing numerous problems at
a time.

Acknowledgments

This paper uses data from SHARE Wave 6 (DOI:
10.6103/SHARE.w6.710), see Borsch-Supan et al.
(2013) for methodological details. (1) The SHARE
data collection has been funded by the European Com-
mission through FP5 (QLK6-CT-2001-00360), FP6
(SHARE-I3: RII-CT-2006-062193, COMPARE:
CIT5-CT-2005-028857, SHARELIFE: CIT4-CT-
2006-028812), FP7 (SHARE-PREP: GA N°2119009,
SHARE-LEAP: GA N°227822, SHARE M4: GA N°



Different levels of physical activity and depression symptoms among older adults from 18 countries 893

261982) and Horizon 2020 (SHARE-DEV3: GA N°
676536, SERISS: GA N°654221) and by DG Employ-
ment, Social Affairs & Inclusion. Additional funding
from the German Ministry of Education and Research,
the Max Planck Society for the Advancement
of Science, the U.S. National Institute on
Aging  (U01_AG09740-13S2, P01_AG005842,
PO1_AGO08291, P30_AG12815, R21_AG025169,
Y1-AG-4553-01, IAG_BSR06-11, OGHA_04-064,
HHSN271201300071C) and from various national
funding sources is gratefully acknowledged (see www.
share-project.org).

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Adilson Marques © http://orcid.org/0000-0001-9850-
7771
Diego Gomez-Baya

4651-0439

http://orcid.org/0000-0003-

References

Berger, N., Van Oyen, H., Cambois, E., Fouweather, T., Jagger,
C., Nusselder, W., & Robine, J. M. (2015). Assessing the val-
idity of the global activity limitation indicator in fourteen
European countries. BMC Medical Research Methodology, 15,
1. doi:10.1186/1471-2288-15-1

Blumenthal, J. A., Babyak, M. A., & Moore, K. A. (1999). Effects
of exercise training on older patients with major depression.
Avrchives of Internal Medicine, 159(19), 2349-2356. doi:10.
1001/archinte.159.19.2349

Borsch-Supan, A., Brandt, M., Hunkler, C., Kneip, T.,
Korbmacher, J., Malter, F., & Team, S. C. C. (2013). Data
resource profile: The survey of health, ageing and retirement
in Europe (SHARE). International Journal of Epidemiology, 42
(4), 992-1001. doi:10.1093/ije/dyt088

Chisholm, D., Sweeny, K., Sheehan, P., Rasmussen, B., Smit, F.,
Cuijpers, P., & Saxena, S. (2016). Scaling-up treatment of
depression and anxiety: A global return on investment analysis.
The Lancet. Psychiatry, 3(5), 415-424. doi:10.1016/S2215-0366
(16)30024-4

Coelho, F. G., Gobbi, S., Andreatto, C. A., Corazza, D. 1.,
Pedroso, R. V., & Santos-Galduroz, R. F. (2013). Physical exer-
cise modulates peripheral levels of brain-derived neurotrophic
factor (BDNF): a systematic review of experimental studies in
the elderly. Archives of Gerontology and Geriatrics, 56(1), 10—
15. doi:10.1016/j.archger.2012.06.003

Craig, C., Marshall, A., Sjostrom, M., Bauman, A., Booth, M.,
Ainsworth, B., & Oja, P. (2003). International physical activity
questionnaire: 12-country reliability and validity. Medicine and
Science in Sports and Exercise, 35(8), 1381-1395. doi:10.1249/
01.MSS.0000078924.61453.FB

De Mello, M. T., Lemos Vde, A., Antunes, H. K., Bittencourt, L.,
Santos-Silva, R., & Tufik, S. (2013). Relationship between
physical activity and depression and anxiety symptoms: A

population study. Fournal of Affective Disorders, 149(1-3), 241—
246. doi:10.1016/j.jad.2013.01.035

de Oliveira, G. D., Oancea, S. C., Nucci, L. B., & Vogeltanz-
Holm, N. (2018). The association between physical activity
and depression among individuals residing in Brazil. Social
Psychiatry and Psychiatric  Epidemiology, 53(4), 373-383.
d0i:10.1007/s00127-017-1441-6

Fedewa, M. V., Hathaway, E. D., & Ward-Ritacco, C. L. (2017).
Effect of exercise training on C reactive protein: A systematic
review and meta-analysis of randomised and non-randomised
controlled trials. British Journal of Sports Medicine, 51(8), 670—
676. doi:10.1136/bjsports-2016-095999

Fedewa, M. V., Hathaway, E. D., Ward-Ritacco, C. L., Williams,
T. D., & Dobbs, W. C. (2018). The effect of chronic exercise
training on leptin: A systematic review and meta-analysis of ran-
domized controlled trials. Sports Medicine, 48(6), 1437-1450.
doi:10.1007/s40279-018-0897-1

Ferrari, A. J., Charlson, F. J., Norman, R. E., Patten, S. B,
Freedman, G., Murray, C. J., & Whiteford, H. A. (2013).
Burden of depressive disorders by country, sex, age, and year:
Findings from the global burden of disease study 2010. PLoS
Medicine, 10(11), e1001547. doi:10.1371/journal.pmed.
1001547

Gallagher, D., Savva, G. M., Kenny, R., & Lawlor, B. A. (2013).
What predicts persistent depression in older adults across
Europe? Utility of clinical and neuropsychological predictors
from the SHARE study. Journal of Affective Disorders, 147(1-
3), 192-197. doi:10.1016/j.jad.2012.10.037

GBD. (2018). Global, regional, and national incidence, preva-
lence, and years lived with disability for 354 diseases and inju-
ries for 195 countries and territories, 1990-2017: A systematic
analysis for the Global Burden of Disease Study 2017. Lancet,
392(10159), 1789-1858. doi:10.1016/S0140-6736(18)32279-7

Grimm, E. K., Swartz, A. M., Hart, T., Miller, N. E., & Strath, S.
J. (2012). Comparison of the IPAQ-short form and accelerome-
try predictions of physical activity in older adults. Fournal of
Aging and Physical Activiry, 20(1), 64-79.

Hallgren, M., Stubbs, B., Vancampfort, D., Lundin, A., Jaakallio,
P., & Forsell, Y. (2017). Treatment guidelines for depression:
Greater emphasis on physical activity is needed. European
Psychiatry, 40, 1-3. d0i:10.1016/j.eurpsy.2016.08.011

Helgadottir, B., Forsell, Y., Hallgren, M., Moller, J., & Ekblom, O.
(2017). Long-term effects of exercise at different intensity levels
on depression: A randomized controlled trial. Preventive
Medicine, 105, 37-46. doi:10.1016/j.ypmed.2017.08.008

Huang, T., Larsen, K. T., Ried-Larsen, M., Moller, N. C., &
Andersen, L. B. (2014). The effects of physical activity and
exercise on brain-derived neurotrophic factor in healthy
humans: A review. Scandinavian Fournal of Medicine and
Science in Sports, 24(1), 1-10. do0i:10.1111/sms.12069

Jansen, F. M., Prins, R. G., Etman, A., van der Ploeg, H. P., de
Vries, S. I, van Lenthe, F. J., & Pierik, F. H. (2015). Physical
activity in non-frail and frail older adults. PLoS One, 10(4),
€0123168. doi:10.1371/journal.pone.0123168

Kandola, A., Ashdown-Franks, G., Hendrikse, J., Sabiston, C. M.,
& Stubbs, B. (2019). Physical activity and depression: Towards
understanding the antidepressant mechanisms of physical
activity. Neuroscience and Biobehavioral Reviews, 107, 525-539.
doi:10.1016/j.neubiorev.2019.09.040

Kohler, C. A., Freitas, T. H., Maes, M., de Andrade, N. Q., Liu,
C. S., Fernandes, B. S., & Carvalho, A. F. (2017). Peripheral
cytokine and chemokine alterations in depression: A meta-
analysis of 82 studies. Acta Psychiatrica Scandinavica, 135(5),
373-387. doi:10.1111/acps.12698

Lotfaliany, M., Bowe, S. J., Kowal, P., Orellana, L., Berk, M., &
Mohebbi, M. (2018). Depression and chronic diseases: Co-
occurrence and communality of risk factors. Fournal of


www.share-project.org
www.share-project.org
http://orcid.org/0000-0001-9850-7771
http://orcid.org/0000-0001-9850-7771
http://orcid.org/0000-0003-4651-0439
http://orcid.org/0000-0003-4651-0439
https://doi.org/10.1186/1471-2288-15-1
https://doi.org/10.1001/archinte.159.19.2349
https://doi.org/10.1001/archinte.159.19.2349
https://doi.org/10.1093/ije/dyt088
https://doi.org/10.1016/S2215-0366(16)30024-4
https://doi.org/10.1016/S2215-0366(16)30024-4
https://doi.org/10.1016/j.archger.2012.06.003
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1016/j.jad.2013.01.035
https://doi.org/10.1007/s00127-017-1441-6
https://doi.org/10.1136/bjsports-2016-095999
https://doi.org/10.1007/s40279-018-0897-1
https://doi.org/10.1371/journal.pmed.1001547
https://doi.org/10.1371/journal.pmed.1001547
https://doi.org/10.1016/j.jad.2012.10.037
https://doi.org/10.1016/S0140-6736(18)32279-7
https://doi.org/10.1016/j.eurpsy.2016.08.011
https://doi.org/10.1016/j.ypmed.2017.08.008
https://doi.org/10.1111/sms.12069
https://doi.org/10.1371/journal.pone.0123168
https://doi.org/10.1016/j.neubiorev.2019.09.040
https://doi.org/10.1111/acps.12698

894 A. Marques et al.

Affective Disorders, 241, 461-468. do0i:10.1016/j.jad.2018.08.
011

Mammen, G., & Faulkner, G. (2013). Physical activity and the pre-
vention of depression: A systematic review of prospective
studies. American Fournal of Preventive Medicine, 45(5), 649—
657. doi:10.1016/j.amepre.2013.08.001

Marques, A., Peralta, M., Martins, J., de Matos, M. G., &
Brownson, R. C. (2017). Cross-sectional and prospective
relationship between physical activity and chronic diseases in
European older adults. International Journal of Public Health,
62(4), 495-502. doi:10.1007/s00038-016-0919-4

Marques, A., Peralta, M., Martins, J., Matos, M. G., & Brownson,
R. C. (2017). Cross-sectional and prospective relationship
between physical activity and chronic diseases in European
older adults. International Fournal of Public Health, 62(4), 495—
502. d0i:10.1007/s00038-016-0919-4

Mikkelsen, S. S., Tolstrup, J. S., Flachs, E. M., Mortensen, E. L.,
Schnobhr, P., & Flensborg-Madsen, T. (2010). A cohort study of
leisure time physical activity and depression. Preventive
Medicine, 51(6), 471-475. doi:10.1016/j.ypmed.2010.09.008

Molendijk, M. L., Spinhoven, P., Polak, M., Bus, B. A., Penninx,
B. W., & Elzinga, B. M. (2014). Serum BDNF concentrations
as peripheral manifestations of depression: Evidence from a sys-
tematic review and meta-analyses on 179 associations
(N=9484). Molecular Psychiatry, 19(7), 791-800. do0i:10.1038/
mp.2013.105

Pedisic, Z., & Bauman, A. (2015). Accelerometer-based measures
in physical activity surveillance: Current practices and issues.
British Journal of Sports Medicine, 49(4), 219-223. doi:10.
1136/bjsports-2013-093407

Plana-Ripoll, O., Pedersen, C. B., Holtz, Y., Benros, M. E.,
Dalsgaard, S., de Jonge, P., & McGrath, J. J. (2019).
Exploring comorbidity within mental disorders among a
Danish National Population. ¥AMA Psychiatry, 76(3), 259—
270. doi:10.1001/jamapsychiatry.2018.3658

Prince, M. J., Reischies, F., Beekman, A. T., Fuhrer, R., Jonker,
C., Kivela, S. L., & Copeland, J. R. (1999). Development of
the EURO-D scale — A European, Union initiative to compare
symptoms of depression in 14 European centres. The British
FJournal of Psychiatry: the Fournal of Mental Science, 174, 330-338.

Rebar, A. L., Stanton, R., Geard, D., Short, C., Duncan, M. J., &
Vandelanotte, C. (2015). A meta-meta-analysis of the effect of
physical activity on depression and anxiety in non-clinical
adult populations. Health Psychology Review, 9(3), 366—378.
d0i:10.1080/17437199.2015.1022901

Salk, R. H., Hyde, J. S., & Abramson, L. Y. (2017). Gender differ-
ences in depression in representative national samples: Meta-

analyses of diagnoses and symptoms. Psychological Bulletin,
143(8), 783-822. d0i:10.1037/bul0000102

Saz, P., & Dewey, M. E. (2001). Depression, depressive symptoms
and mortality in persons aged 65 and over living in the commu-
nity: A systematic review of the literature. International Journal of
Geriatric Psychiatry, 16(6), 622—630.

Schuch, F. B., Vancampfort, D., Firth, J., Rosenbaum, S., Ward,
P. B, Silva, E. S., & Stubbs, B. (2018). Physical activity and
incident depression: A meta-analysis of prospective cohort
studies. American Fournal of Psychiarry, 175(7), 631-648.
doi:10.1176/appi.ajp.2018.17111194

Schuch, F. B., Vancampfort, D., Richards, J., Rosenbaum, S.,
Ward, P. B., & Stubbs, B. (2016). Exercise as a treatment for
depression: A meta-analysis adjusting for publication bias.
Fournal of Psychiatric Research, 77, 42-51. doi:10.1016/j.
jpsychires.2016.02.023

Schuch, F. B., Vancampfort, D., Rosenbaum, S., Richards, J.,
Ward, P. B., Veronese, N., & Stubbs, B. (2016). Exercise
for depression in older adults: A meta-analysis of randomized
controlled trials adjusting for publication bias. Brazilian
Journal of Psychiatry, 38(3), 247-254. doi:10.1590/1516-4446-
2016-1915

UNESCO. (2006). International standard classification of education
ISCED 1997. Montreal: United Nations Educational,
Scientific and Cultural Organization.

Valkanova, V., Ebmeier, K. P., & Allan, C. L. (2013). CRP, IL-6
and depression: A systematic review and meta-analysis of longi-
tudinal studies. Fournal of Affective Disorders, 150(3), 736-744.
d0i:10.1016/j.jad.2013.06.004

Walker, E. R., McGee, R. E., & Druss, B. G. (2015). Mortality in
mental disorders and global disease burden implications: A sys-
tematic review and meta-analysis. JAMA Psychiatry, 72(4), 334—
341. doi:10.1001/jamapsychiatry.2014.2502

Werneck, A. O., Oyeyemi, A. L., & Silva, D. R. (2018). Physical
activity and depression: Is 150 min/week of moderate to vigor-
ous physical activity a necessary threshold for decreasing risk
of depression in adults? Different views from the same data.
Social Psychiatry and Psychiatric Epidemiology, 53(3), 323-324.
doi:10.1007/s00127-018-1490-5

WHO. (2000). Obesity: Preventing and managing the global epidemic.
Report of a WHO consultation. Geneva: World Health
Organization.

WHO. (2017). Depression and other common mental disorders: Global
health estimates. Geneva: World Health Organization.

WHO. (2018). Global health estimates 2016: Deaths by cause, age,
sex, by country and by region, 2000-2016. Geneva: World
Health Organization.


https://doi.org/10.1016/j.jad.2018.08.011
https://doi.org/10.1016/j.jad.2018.08.011
https://doi.org/10.1016/j.amepre.2013.08.001
https://doi.org/10.1007/s00038-016-0919-4
https://doi.org/10.1007/s00038-016-0919-4
https://doi.org/10.1016/j.ypmed.2010.09.008
https://doi.org/10.1038/mp.2013.105
https://doi.org/10.1038/mp.2013.105
https://doi.org/10.1136/bjsports-2013-093407
https://doi.org/10.1136/bjsports-2013-093407
https://doi.org/10.1001/jamapsychiatry.2018.3658
https://doi.org/10.1080/17437199.2015.1022901
https://doi.org/10.1037/bul0000102
https://doi.org/10.1176/appi.ajp.2018.17111194
https://doi.org/10.1016/j.jpsychires.2016.02.023
https://doi.org/10.1016/j.jpsychires.2016.02.023
https://doi.org/10.1590/1516-4446-2016-1915
https://doi.org/10.1590/1516-4446-2016-1915
https://doi.org/10.1016/j.jad.2013.06.004
https://doi.org/10.1001/jamapsychiatry.2014.2502
https://doi.org/10.1007/s00127-018-1490-5

	Abstract
	Introduction
	Methods
	Participants and procedures
	Measures
	Exposure: physical activity
	Outcome: depression symptoms
	Covariates: sociodemographic variables
	Statistical analysis


	Results
	Discussion
	Conclusion

	Acknowledgments
	Disclosure statement
	ORCID

	References

